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Abstract

This paper reports the influence of fermentation conditions (temperature and yeast strain) on the chemical composition of cider.

The cider was analysed for the non-volatile acids, polyalcohols, residual sugars and major volatile compounds. The application of

principal components analysis enables the ciders to be differentiated on the basis of the two factors considered. The first principal

component achieved the separation according to the type of strain and the second principal component separates the samples

according to the fermentation temperature. The variables that carry most weight on first component were ethyl acetate, acetaldehyde

and isobutanol. On second component the variables more relevant were: acetoin and 2,3-butanediol.

r 2004 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The advantages and drawbacks of fermentations
brought about by pure strains of microorganisms and
by indigenous microflora have been debated since the
1950s (Beech, Burroughs, & Codner, 1951; Rankine,
1968; Berry, 1995).
In spontaneous fermentations, a large diversity of

microorganisms participate, including oxidative and
fermentative yeasts, homo and hetero-fermentative
lactic acid bacteria, and acetic bacteria (Beech, 1972;
Heard & Fleet, 1986; Cabranes, Moreno, & Mangas,
1990). The main argument in favour of these fermenta-
tions is that they lend a greater typicality and
organoleptic complexity to the fermented products
(Beech & Davenport, 1970; Moreno, Millán, Ortega,
& Medina, 1991; Le Queré & Drilleau, 1993; Lea, 1995;
Rérolles, 1995). The main drawbacks reported are
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variability in the product quality and the risk of
anomalous fermentations (Beech & Carr, 1977; Splitt-
stoesser, 1982).
The use of pure cultures of yeasts, generally in the

form of active dry yeast, provide a useful tool for
standardising the product (Kraus, Reed, & Villettaz,
1983; Barre & Vezinhet, 1984; Fleet & Heard, 1993).
Indigenous yeasts selected in particular regions is a
solution towards ensuring adequate control of the
alcoholic fermentation and preserving the positive
contribution of the indigenous yeasts (Riberau-Gayon,
1985; Mafart, 1986; Martini & Martini, 1990).
In Asturias Region (Spain), it is common practice in

the production of cider for both the alcoholic fermenta-
tion and the malolactic fermentation to rely on the
indigenous flora. Studies into the population dynamics
of cider fermentation have demonstrated the following
predominant species: Kloeckera apiculata, Saccharo-

myces cerevisiae, Oenocuccus oeni and Acetobacter aceti

(Cabranes, Mangas, & Blanco, 1997). Monitoring
during several years spontaneous fermentations in cider
ublished by Elsevier Ltd. All rights reserved.
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cellars and in the pilot plant at our Research Centre led
to the isolation, selection and physiological and
biochemical characterisation of autochthonous micro-
organisms (Cabranes, 1994).
Moreover, the identification and characterisation of

yeast strains are relevant processes in order to guarantee
the quality of alcoholic beverages. Different strategies,
based on the detection of DNA polymorphism have
been used for ecological research attempting to study
intraspecific diversity of indigenous microbiotica during
production of alcoholic beverages. Oligonucleotide
primers are complementary to intron splice sites used
to produce PCR fingerprints and display polymorph-
isms between isolates of the same yeast species (De
Barros Lopes, Soden, Henschke, & Landridge, 1996; De
Barros Lopes, Soden, Martens, Henschke, & Landridge,
1998). A PCR-based method using intron splice site
primers has been developed for identification of cider
yeast strains (Pando, 2002).
The aim of this study was to examine the chemical

composition of ciders produced using different yeast
strains. All of the small-fermentations were carried out
using the same non-sterilised must with the aim of
intervening as little as possible with the natural flora.
Table 2

Chemical and microbiological composition of the apple juice used for

fermentation experiments

Parameter

Relative density (20 1C/20 1C) 1069

Total acidity (g sulphuric acid/l) 1.98

PH 4.19

Total polyphenols (g tannic acid/l) 1.09

Fermentable nitrogen (FAN) (mg/l) 112

Total yeast count (cells/ml) 6.55� 107

Lactic acid bacteria count (cells/ml) 2.94� 105

Acetic acid bacteria count (cells/ml) 1.48� 105
2. Material and methods

2.1. Yeast strains

Three strains of cider yeasts that belong to the
collection of pure cultures of the SERIDA (referred to
as: SSA, SSB, SSC) as well as a commercial dry wine
yeast Uvaferm PM (Lallemand., France) were used.
DNA extraction and genetic strain identification was
affected according to the method described in Pando
(2002). The method was based upon the PCR using
oligonucleotide primer that is complementary to intron
splice sites. PCR was performed in 25 ml with 1 ml primer
LA2 (10 pmol/l) with the sequence CGTGCAGGTGT-
TAGTA, 5 ml DNA template (10 ng/ml), 2.5 ml dNTPs
(2mmol/l), 1.25 ml MgCl2 (4.7 g/l), 1.25 ml DMSO and
0.5 ml Taq polymerase (5 U) (Bioline Ltd, UK). Products
of amplification reaction were resolved on agarose gel
stained with ethidium bromide and visualised under UV
Table 1

PCR profiles obtained using the primer LA2 in the yeast strain differentiatio

Physiological race of strainsa Size of amplified bands (Kbp)

S. cerevisiae r. cerevisiae SSA 2.63 2.31 1.80 1.31 1.07 0.91

S. cerevisiae r. uvarum SSB 3.36 2.84 2.23 1.41 1.31 1.07

S. cerevisiae r. cerevisiae SSC 2.23 1.77 1.30 1.18 1.06 0.91

S. cerevisiae r. bayanus UVA-PM 4.33 3.45 2.57 2.05 1.85 1.70

aIdentification of the physiological race was based on the criterion of Kre
light. The gels were photographed and scanned to
produce a computer image. PCR profiles were analysed
by the software Gene Tools (Bio Image System, UK).
The polymorphisms between strain and the amplified
bands are given in Table 1.
The inocula were prepared under sterilised conditions

on a YPD medium (10 g/l yeast extract, 20 g/l glucose,
20 g/l peptone) at 30 1C under continuous agitation for
18 h.
2.2. Small-scale fermentations

The must to be fermented was obtained in automatic
hydraulic Bucher–Guyer press from a mixture of cider
apples provided by the cellar El Gaitero S.A. Its
chemical and microbiological characteristics are shown
in Table 2.
The assays were carried out at the authors0 experi-

mental cellar in 1-l capacity Erlenmeyer flasks. All the
fermentations were carried out in duplicate, each of the
replicates being dealt with independently. The must was
inoculated with 20ml of each of the pure cultures. Sugar
consumption (measured as decrease in density) was used
as the criteria to measure the evolution of the
fermentation. At the end of the fermentation process,
when the density decreased below 1000 g/l, the experi-
mental units were stored at 4 1C for 16 h to facilitate the
separation of solids in suspension. Finally, the ciders
obtained were filtered through hydrophilic cotton and
frozen (�20 1C) until further analysis. The must was
fermented at 18 1C with selected cider yeasts (SSA, SSB,
n

Source

0.80 0.49 Cidermaking isolate. (Asturias) Spain

0.93 0.56 0.48 0.30 Cidermaking isolate. (Asturias) Spain

0.78 0.56 0.48 Cidermaking isolate. (Asturias) Spain

1.59 1.46 1.35 0.85 Dry wine yeast. Lallemand

ger-Van Rij (1984).
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SSC), wine yeast (UVA-PM) and natural flora (S) as
well as fermented at 12 1C with selected cider yeasts
(SSA, SSB, SSC).
2.3. Microbiological counting

Samples for microbiological analysis were taken
periodically during the fermentation process until a
density of 1000 g/l was reached. Several 1:10 (v/v)
dilutions were performed with Ringer serum, and
quantitative determinations of yeasts and bacteria were
done following the methodology described by Cabranes,
Mangas and Blanco (1996).
2.4. Analytical procedures

Density, pH and total acidity were determined
following the methodology described in the Official
Analytical Methods AOAC (1984). The amount of
fermentable nitrogen (FAN) was determined by the
Formol titration method according to Aerny (1996).
Total polyphenol analyses were conducted using the
Folin–Ciocalteu method (Montreau, 1972).
The sugars and glycerol were analysed by high-

performance liquid chromatography using an HPLC
(Waters, Milford, USA) apparatus, equipped with a 510
pump, Waters 717-Plus automatic injector with tem-
perature control and an IR 410 refraction index
detector. The system was controlled by the Milleniun
v.3.1 software. Separation was carried out over a Sugar-
Pak I cation-exchange column (Waters, USA) according
to the method optimised by Blanco, Mangas, and Noval
(1988).
The non-volatile acids were determined in the same

chromatographic apparatus, though using a diode array
detector DAD 996. The column employed was a
Spherisorb ODS-2 (250� 0.46mm i.d.; 3 mm particle
size), the mobile phase being a potassium dihydrogen
phosphate buffer solution of pH 2.4, flow rate 0.5ml/
min and column temperature 40 1C. The samples were
microfiltered through a cellulose acetate filter of 0.45 mm
and were injected directly (10 ml).
The major volatile compounds were analysed in a

Hewlett-Packard model 5890 gas chromatograph
equipped with a flame ionisation detector (FID) and
a FFAP semi-capillary column (TR-FFAP 30m�

0.53mm i.d.; phase thickness, 1.0 mm). Injection was
carried out in splitless mode (1min) employing helium
as the carrier gas at 10ml/min. The temperature
gradient was as follows: 40 1C isotherm for 4min,
followed by a linear increase of 4 1C/min until 60 1C.
This temperature was elevated to 220 1C at a rate of
10 1C/min. Injector and detector temperatures were 240
and 275 1C, respectively. The microfiltered samples were
directly injected into the chromatograph (1 ml).
An ANOVA at each temperature (18 and 12 1C) was
carried out using Duncan’s multiple range test proce-
dure to determinate the difference among means and the
data matrix was analysed by principal component
analysis (PCA). The program used was the SPSS (1994).
3. Results and discussion

3.1. Fermentations at 18 1C

The spontaneous fermentation (S) conducted by
natural flora was included for comparison (Table 3).
In these fermentations, apiculate yeast dominated
during all the phases of fermentation (data not shown).
The typical compounds of the metabolism of oxidative
yeasts accumulating in the resulting ciders, leading thus
to higher values of acetic acid and acetoin, in contrast
with the lower production of higher alcohols (Gil,
Mateo, Jiménez, Pastor, & Huerta, 1996; Cabranes
et al., 1997).
The strain S. cerevisiae r. bayanus (UVA-PM) and the

cider strain S. cerevisiae r. cerevisiae (SSC) give rise to
ciders with similar characteristics. Noteworthy in both
strains is the low production of acetic acid and
secondary fermentation compounds, as well as the fact
that they give rise to ciders with a high concentration of
glycerol and succinic acid (Table 3). A good relationship
was found (r ¼ 0:84) between glycerol and succinic acid,
since both are formed as the result of the metabolism of
pyruvic acid in the course of glycerol-pyruvic fermenta-
tion. This result is in agreement with Giudici, Zambo-
nelli and Kunkee (1995), who suggested that the
capacity to produce certain amounts of glycerol,
succinic and acetic acids is a hereditary characteristic
of S. cerevisiae. The aromatic profiles produced from
selected cultures SSC and UVA-PM are marked by the
low ratio of ethyl acetate/higher alcohols (Table 3),
which is a good characteristic from the sensory point of
view. One of the most notorious differences is the high
concentration of 1-propanol (37mg/l) in the ciders
fermented by the strain S. cerevisiae r. bayanus (UVA-
PM). As is well known, there is a correlation between
the clones that synthesise a large amount of propanol
and the incapacity of the yeast to produce hydrogen
sulphide (Giudici, Zambonelli, Passarelli, & Castellari,
1993).
The ciders obtained with the cider yeasts S. cerevisiae

r. cerevisiae (SSA) and S. cerevisie r. uvarum (SSB)
present differences with respect to those mentioned
above (UVA-PM and SSC). The production of ethyl
acetate, acetic and shikimic acid was higher when the
strains SSA and SSB conducted the fermentation and
the production of higher alcohols was lower (Table 3).
Quinic and shikimic acid are components contributed by
apple juice in concentrations of 0.6 g/l (quinic acid) and
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Table 3

Chemical composition and standard deviation of ciders produced by different Saccharomyces cerevisae strains at 18 1C

Compound Level of

significance

Saccharomyces strains

SSA SSB SSC UVA-PM S

x s x s x s x s x s

Fructose (g/l) * 4.70b 0.99 6.99c 0.13 0.81a 0.17 n.d. 0.57a 0.04

Glycerol (g/l) * 4.05a 0.13 4.23ab 0.06 4.42bc 0.08 4.65c 0.20 4.14ab 0.02

Ethanol (%) NS 7.58ab 0.08 7.28a 0.40 7.75ab 0.18 8.17b 0.47 7.89ab 0.03

Quı́nic acid (g/l) * 0.35a 0.07 0.40a 0.01 0,60b 0.03 0.60b 0.14 0.40a 0.01

Lactic acid (g/l) * 3.35b 0.07 3.65c 0.07 2.90a 0.06 3.30b 0.05 3.20b 0.14

Acetic acid (g/l) * 0.90b 0.14 1.10bc 0.15 0.15a 0.07 0.20a 0.02 1.20c 0.14

Succinic acid (g/l) * 0.20a 0.03 0.20a 0.02 0.40b 0.03 0.40b 0.03 0.20a 0.02

Shikimic acid (mg/l) * 43.35c 6.29 44.65c 0.92 17.65a 0.21 17.75a 0.07 32.10b 2.40

Acetaldehyde (mg/l) NS 25.21a 2.96 28.65a 4.12 34.64a 3.62 37.45a 10.06 23.63a 1.19

Ethyl acetate (mg/l) * 231.06b 33.09 199.25b 6.31 42.31a 11.26 64.1a 33.80 216.69b 8.38

Methanol (mg/l) * 160.72c 0.18 153.15bc 4.78 138.56a 5.92 146.57ab 2.70 148.07ab 1.05

1-Propanol (mg/l) * 20.01ab 0.35 21.97ab 1.43 19.96a 0.47 37.62c 0.42 23.76b 1.73

i-Butanol (mg/l) * 22.17a 0.08 22.8a 0.98 30.91b 0.42 31.6b 0.19 22.29a 1.20

1-Butanol (mg/l) * 6.99b 0.04 6.48a 0.18 6.68a 0.03 6.94b 0.08 6.59a 0.06

Amyl alcohols (mg/l) * 94.84b 0.20 83.4a 3.42 151.62d 5.68 133.13c 2.93 77.24a 0.17

Acetoin (mg/l) (mg/l) * 9.53ab 0.62 10.21ab 0.95 6.52a 0.05 11.79b 1.00 17.54c 3.54

Ethyl lactate+hexanol (mg/l) * 80.96b 0.50 91.46c 1.93 20.99a 0.67 21.91a 0.51 92.82c 3.31

2,3-Butanediol (mg/l) * 98.37b 4.56 92.41b 12.36 65.66a 3.73 83.05ab 10.10 138.55c 5.66

2-Phenylethanol (mg/l) * 7.86a 0.39 7.12a 0.46 13.88b 0,08 14.74b 1.12 6.53a 0.20

Volatile composition (mg/l) 757.72 716.90 531.73 588.90 773.71

Higher alcohols (mg/l) 144.88 135.29 216.37 217.09 129.66

i-Butanol/1-propanol 1.11 1.04 1.55 0.84 0.94

2,3-Butanediol+acetoin (mg/l) 107.90 102.62 72.18 94.84 156.09

Ethyl acetate/higher alcohols 1.59 1.47 0.20 0.30 1.67

S. cerevisiae r. cerevisiae SSA, S. cerevisiae r. uvarum SSB, S. cerevisiae r. cerevisiae SSC, S. cerevisiae r. bayanusUVA-PM. Fermentation spontaneus

S.x=mean values, s=standard deviation, n.d.=not detected. Higher alcohols: 1-propanol+i-butanol+amyl alcohols+2-phenyethanol. NS= no

significant differences. *=significant differences (po0:05) and a, b and c are Duncan’s test letters, mean values in the row with the same letter
indicate no significant differences between them.
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18mg/l (shikimic acid), respectively. In both fermenta-
tions, a decrease is produced in quinic acid at the same
time as an increase in shikimic acid. It is well known that
shikimic acid is an intermediary of the reduction of quinic
acid to dihydroshikimic or catechol by the action of lactic
bacteria (Carr, 1959). Ethyl acetate together with acetic
acid participates in the sensation of sourness in ciders
(Peynaud, 1956; Whiting, 1973; Picinelli, Suárez, Rodrı́-
guez, Moreno, Caso-Garcı́a, & Mangas, 2000).

3.2. Fermentations at 12 1C

At this fermentation temperature, for the strains S.

cerevisiae r. cerevisiae SSA and S. cerevisae r. uvarum

SSB, the quinic and shikimic acid of the starting musts
remain practically constant and the accumulation of
acetic acid is considerably reduced. As mentioned
above, the first two acids are substrates that are
produced by the action of lactic bacteria. One of the
factors that markedly influence the slowing down of the
metabolism of lactic bacteria is the low fermentation
temperature; a fact that is confirmed by the lower
concentration of lactic acid formed under these condi-
tions (Table 4). On the contrary, the concentrations of
succinic acid and glycerol increase in comparison to
fermentations at 18 1C (Table 3). This fact is in
agreement with our previous studies into the elaboration
of ciders under controlled conditions (Cabranes et al.,
1996). With respect to the volatiles, the ethyl acetate
being the major compound at 18 1C with a percentage of
30%, represents only 5–8% of the aromatic profile; the
sum of higher alcohols increases for both strains at this
temperature. These results concur with those published
elsewhere (Bertrand, 1978).

3.3. Component principal analysis

Because of the central role of yeast in the production
of the volatile aroma compounds in alcoholic beverages
(Suomalainen, Nykanen, & Eriksson, 1974), principal
components factorial analysis was carried out only on
the set of volatile compounds studied for the different
objects (ciders obtained from different type of strain and
temperature). Firstly, the correlation matrix was com-
puted with the aim to reject variables related. Correla-
tion coefficients higher than 0.8 in absolute value were
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Table 4

Chemical composition and standard deviation of ciders produced by different Saccharomyces cerevisae strains at 12 1C

Compound Level of

significance

Saccharomyces strains

SSA SSB SSC

x s x s x s

Fructose (g/l) NS 3.41b 0.44 1.49a 0.31 2.91ab 0.76

Glycerol (g/l) * 4.36a 0.01 4.52b 0.01 4.34a 0.01

Ethanol (%) NS 7.50a 0.04 7.65a 0.21 7.70a 0.13

Quı́nic acid (g/l) NS 0.60a 0.06 0.60a 0.06 0.55a 0.07

Lactic acid (g/l) NS 3.00a 0.14 3.05a 0.35 2.85a 0.07

Acetic acid (g/l) * 0.20a 0.01 0.20a 0.02 0.30b 0.05

Succinic acid (g/l) NS 0.40a 0.14 0.40a 0.01 0.30a 0.05

Shikimic acid (mg/l) * 18.40a 0.14 19.90b 0.20 18.40a 0.14

Acetaldehyde (mg/l) NS 41.47a 4.18 36.56a 3.65 43.51a 3.18

Ethyl acetate (mg/l) * 47.63b 3.71 30.00a 0.86 40.46b 2.46

Methanol (mg/l) NS 143.40a 4.49 146.54a 0.05 147.23a 2.82

1-Propanol (mg/l) * 28.92c 0.09 26.58a 0.11 26.98b 0.05

i-Butanol (mg/l) NS 23.71ab 0.80 26.67b 1.48 23.14a 0.21

1-Butanol (mg/l) NS 7.00a 0.02 7.25a 0.19 6.95a 0.03

Amyl alcohols (mg/l) * 104.93a 0.74 118.84b 1.03 107.64a 2.09

Acetoin (mg/l) (mg/l) * 21.69b 0.38 15.50a 0.93 17.32a 2.12

Ethyl lactate+hexanol (mg/l) * 54.98ab 2.55 60.60b 2.72 48.34a 1.09

2,3-Butanediol (mg/l) NS 105.40a 5.00 116.84a 6.60 99.57a 6.58

2-Phenylethanol (mg/L) * 7.71a 0.30 11.23b 0.34 7.50a 0.21

Volatile composition (mg/l) 586.80 596.61 568.63

Higher alcohols (mg/l) 165.25 183.32 165.25

i-Butanol/1-propanol 0.82 1.00 0.86

2,3-Butanediol+acetoin (mg/l) 127.09 132.34 116.89

Ethyl acetate/higher alcohols 0.29 0.16 0.24

S. cerevisiae r. cerevisiae SSA, S. cerevisiae r. uvarum SSB, S. cerevisiae r.cerevisiae SSC. x=mean values, s=standard deviation. Higher alcohols:1-
propanol+i-butanol+amyl alcohols+ 2-phenyethanol. NS= no significant differences, *=significant differences (po0:05) and a, b and c are
Duncan’s test letters, mean values in the row with the same letter indicate no significant differences between them.

YEAST STRAIN

UVA 18°C
SSC 18°C
SSC 12°C
SSB 18°C
SSB 12°C
SSA 18°C
SSA 12°C
S 18°C
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Fig. 1. Principal Component Analysis scores for ciders fermented with

different yeast strains. Solid symbols represent ciders obtained at 12 1C

and white ones, ciders at 18 1C. S. cerevisiae r. cerevisiae (SSA), S.

cerevisiae r. uvarum (SSB), S cerevisiae r. cerevisiae (SSC), S. cerevisiae

r. bayanus (UVA-PM) and fermentantion spontaneus (S).
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obtained, on the one hand, between isobutanol, 2-
phenylethanol, amyl alcohols and ethyl lactate and, on
the other, between ethyl lactate and ethyl acetate, so that
the data matrix was previously reduced to eight
variables (acetaldehyde, ethyl acetate, methanol, 1-
propanol, isobutanol, 1-butanol, acetoin and 2,3-buta-
nediol) and the objects cited. Moreover, two volatile
compounds related with raw material (1-butanol and
methanol) were rejected; as is well-known, 1-butanol is a
varietal characteristic, and this alcohol is included in the
primary aroma of apples (Brown, Buchanan, & Hicks,
1966), and methanol is not a yeast fermentation
product, but this volatile is cleaved from pectins, and
its concentration depend on several factors as apple
variety, ripening state and enological practices (Jacquin
& Tavernier, 1952). The final data matrix formed by six
variables (acetaldehyde, ethyl acetate, 1-propanol, iso-
butanol, acetoin and 2,3-butanediol) and 16 objects
(ciders). Two factors with eigenvalues greater than 1
were computed, accounting for 79.9% of the variance.
Fig. 1 shows the 16 ciders projected onto the plane

defined by the two principal components. The first
principal component (PC1) allows us to establish
groupings on the basis of the type of strain inoculated.
This component account for 45.5% of the total variance
and gives rise to two clearly differentiated groupings on
the basis of the type of strain inoculated. On the one
hand, the group formed by the ciders inoculated with
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Table 5

Factor loading and variance explained by the first two principal

components obtained by PCA

Principal

component

Explained

variance

(%)

Total

variance

(%)

Variable

correlated

Loading

PC1 45.5 45.5 Ethyl acetate �0.89376

2,3-butanediol �0.49489

Acetoin 0.05891

1-propanol 0.66480

Isobutanol 0.77502

Acetaldehyde 0.79879

PC2 34.4 79.8 Isobutanol �0.44643

Ethyl acetate �0.12521

Acetaldehyde 0.37127

1-propanol 0.39747

2,3-butanediol 0.77616

Acetoin 0.97415

B. Suárez Valles et al. / LWT 38 (2005) 455–461460
S. cerevisiae r. cerevisiae (SSA), S. cerevisiae r. uvarum

(SSB) and the spontaneous fermentation (S) at 18 1C
(negative scores, Fig. 1) characterised by greater
concentrations of ethyl acetate (variable with the higher
negative loading on this component, Table 5). On the
other, the rest of ciders (positive scores, Fig. 1): ciders
elaborated at 18 1C with the yeast strains S. cerevisiae r.
cerevisiae SSC and S. cerevisiae r. bayanus UVA-PM,
and the ciders fermented at 12 1C, with higher concen-
tration of isobutanol, acetaldehyde and 1-propanol
(high positive loadings on PC1, Table 5).
The second principal component (PC2) is closely

related to acetoin, 2,3-butanediol, 1-propanol and
acetaldehyde (high positive loadings, Table 5) and
isobutanol (high negative loading, Table 5), and as we
can see in Fig. 1, this new variable allows us to
differentiate between ciders fermented at 12 1C and
spontaneous fermentations (positive scores) or 18 1C
(negative scores). This is in accordance with data shown
in Tables 3 and 4, where it can be seen that at 18 1C,
ciders fermented with selected strains presented higher
levels of and isobutanol, and when selected ciders yeast
were employed in fermentations at 12 1C, the formation
of acetoin, 2,3-butanediol, 1-propanol and acetaldehyde
was stimulated, irrespective of the strain inoculated. As
is well-known, acetaldehyde is formed from pyruvic acid
by decarboxylation (pyruvate decarboxylase) and is
highly related metabolically to the acetoinic compounds
(acetoin and diacetyl). On the other hand, acetoin is
produced by reduction 2,3-butanediol and by oxidation
diacetyl. In agreement with previous reports (Rankine,
1967; Aragón, Atienza, & Climent, 1998), the 1-
propanol content varied inversely with respect to the
temperature (Table 4).
In conclusion, the ciders elaborated at the laboratory

scale with selected cider yeasts and a dry wine yeast
present clear differences in the chosen analytical
variables. The fermentations carried out with auto-
chthonous starter of cider at 12 1C showed a normal
amount of higher alcohols and the lowest concentration
of acetic acid and ethyl acetate. The application of
principal components analysis enables the ciders to be
classified on the basis of the type of strain inoculated
and the fermentation temperature.
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fermentation sur les teneurs en substances volatiles des vins blancs.

In: INRA. III Symposium International D’Oenologie de Bordeaux,

Bordeaux.

Blanco, D., Mangas, J. J., & Noval, A. (1988). Determination of

sugars and alcohols in apple and cider by HPLC. Chromatographia,

25, 701–706.

Brown, D., Buchanan, S., & Hicks, J. R. (1966). Volatiles from apples

fruits as related to variety, maturity and ripeness. Journal of the

American Society for Horticultural Science, 88, 98–108.

Cabranes, C. (1994). Fermentaciones espontáneas e inducidas en sidras
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